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5DLVHGOLQHGLDJUDPVDUHZLGHO\XVHGE\YLVXDOO\LPSDLUHG
9, SHRSOH WR UHDG PDSV GUDZLQJV RU JUDSKV :KLOH
SUHYLRXVZRUNKDV LGHQWLILHGJHQHUDO H[SORUDWLRQ VWUDWHJLHV
IRU UDLVHGOLQH GUDZLQJV ZH KDYH OLPLWHG NQRZOHGJH RQ
KRZ WKLV H[SORUDWLRQ LV SHUIRUPHG LQ GHWDLO DQG KRZ LW
H[WHQGVWRRWKHUW\SHVRIGLDJUDPVVXFKDVPDSVRUJUDSKV
IUHTXHQWO\ XVHG LQ VSHFLDOL]HG VFKRROV 6XFK LQIRUPDWLRQ
FDQ EH FUXFLDO IRU WKH GHVLJQ RI DFFHVVLEOH LQWHUIDFHV RQ
WRXFKVFUHHQV:H FRQGXFWHG D VWXG\ LQZKLFK SDUWLFLSDQWV
ZHUH DVNHG WR H[SORUH ILYH W\SHV RI UDLVHGOLQH GLDJUDPV
FRPPRQ GUDZLQJV SHUVSHFWLYH GUDZLQJV PDWKHPDWLFDO
JUDSKVQHLJKERUKRRGPDSVDQGJHRJUDSKLFDOPDSVZKLOH
WUDFNLQJERWKKDQGVILQJHUV5HO\LQJRQDILUVWVHWRIUHVXOWV
ZHSURSRVHGDVHWRIGHVLJQJXLGHOLQHVIRUWRXFKLQWHUIDFHV
$XWKRU.H\ZRUGV
5DLVHGOLQHGLDJUDPEOLQGWDFWLOHH[SORUDWLRQWDFWLOHPDSV
WDFWLOHGUDZLQJVELPDQXDOH[SORUDWLRQILQJHUWUDFNLQJ
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5DLVHGOLQHGLDJUDPVSURYLGHYLVXDOO\LPSDLUHG9,SHRSOH
ZLWKDFFHVVWRJUDSKVGUDZLQJVRUPDSV>@8VXDOO\WKH\
DUH KDQGPDGH EHFDXVH WKH FRQWHQW PXVW EH DGDSWHG DQG
VLPSOLILHG 0RUHRYHU WKH\ PXVW EH SULQWHG EHIRUHKDQG
ZKLFKFDQEH WHGLRXVDQGH[SHQVLYH LQD WHDFKLQJFRQWH[W
7KHQLWLVSHUWLQHQWWRXVHGLJLWDOYHUVLRQVRIWKHGLDJUDPV
WKDWDUHDFFHVVLEOHWKURXJKDGDSWHGQRQYLVXDOLQWHUDFWLRQV
0DQ\ DSSURDFKHV KDYH EHHQ SURSRVHG DQG FDQ EH
VXPPDUL]HG LQWR WKUHH ODUJH FDWHJRULHV 7KH ILUVW RQH
FRQVLVWV LQXVLQJ UHIUHVKDEOHGLVSOD\V WKDWFDQG\QDPLFDOO\
UDLVHXSDQGGRZQVPDOOSLQVSURYLGLQJDSHUFHSWLEOHUHOLHI
IRUPDQXDO H[SORUDWLRQ > @$ VHFRQG FDWHJRU\ UHOLHV
RQ WDQJLEOH REMHFWV WKDW UHSUHVHQW LPSRUWDQW HOHPHQWV RI D
GUDZLQJDQGFDQEHOLQNHGWRHDFKRWKHUWRUHQGHUOLQHVDQG
DUHDV > @ 7KH ODVW FDWHJRU\ FRQVLVWV LQ XVLQJ ILQJHU
WUDFNLQJ GHYLFHV WRXFKVFUHHQV FDPHUDV HWF WR IROORZ
ILQJHUPRYHPHQWRYHUDGLJLWDOPDSDQGUHQGHUWKHFRQWHQW
ZLWK DXGLWRU\ RU YLEUDWLRQDO IHHGEDFN >    @
+RZHYHU WKH SURFHVV RI FRQYHUWLQJ SK\VLFDO FRQWHQW WR
GLJLWDO FXHV LV SHUIRUPHG HPSLULFDOO\ 8QGHUVWDQGLQJ KRZ
9,SHRSOHH[SORUHSK\VLFDOUDLVHGOLQHGLDJUDPVDQGZKLFK
HOHPHQWVDUHRILPSRUWDQFHFRXOGKHOSWRGHVLJQQRQYLVXDO
WDFWLOHLQWHUIDFHV
,QSV\FKRORJ\VHYHUDOVWXGLHVDLPHGWRDVVHVVWKHFDSDFLW\
WR LGHQWLI\ UDLVHGOLQH GLDJUDPV ,Q JHQHUDO WKHVH VWXGLHV
FRPSDUHGWDFWLOHH[SORUDWLRQRIVLJKWHGHDUO\DQGODWHEOLQG
SHRSOHZKRKDG WRUHFRJQL]HGUDZLQJVRIFRPPRQREMHFWV
FDU IUXLW WRRO HWF )RU LQVWDQFH +HOOHU HW DO >@
FRPSDUHG WKH EOLQG DQG VLJKWHG FKLOGUHQ H[SORULQJ UDLVHG
OLQH GUDZLQJV DQG VKRZHG WKDW WKH\ UHDFK WKH VDPH
SHUIRUPDQFH ZKHQ VLJKWHG DUH JXLGHG GXULQJ H[SORUDWLRQ
/HED]HWDO>@VKRZHGWKDWWKHSHUIRUPDQFHGHSHQGHGRQ
WKHW\SHRIFRPPRQGUDZLQJEHLQJXVHGLQWKHVWXG\³IODW´
' GUDZLQJV RU ZLWK ' FXHV +RZHYHU WKHVH VWXGLHV
PDLQO\ UHOLHG RQ LGHQWLILFDWLRQ UDWHV DQG GLG QRW LQIRUP
DERXWWKHKDQGPRYHPHQWVWKDWZHUHXVHG
2XUJRDOZDVWRXQGHUVWDQGWKHPDLQUROHRIKDQGVDQG
ILQJHUVGXULQJUDLVHGOLQHGLDJUDPVH[SORUDWLRQDFFRUGLQJ
WRGLDJUDPW\SHDQGXVHUH[SHUWLVH:HXVHGGLIIHUHQW
UDLVHGOLQH GLDJUDPV LQFOXGLQJ GUDZLQJV PDWKHPDWLFDO
JUDSKV DQG QHLJKERUKRRG RU JHRJUDSKLFDO PDSV :H
GHYHORSHGDQH[SHULPHQWDOVHWXSWRWUDFNWKHILQJHUVRIERWK
KDQGV GXULQJ WDFWLOH H[SORUDWLRQ :H UHFUXLWHG  YLVXDOO\
LPSDLUHG DQG VLJKWHG EOLQGIROGHG VXEMHFWVZKR H[SORUHG
WKHGLDJUDPV7KH UHVXOWVZHUHEDVHGRQ DFFXUDWH WUDFNLQJ
RI WKH H[SORUDWLRQ PRYHPHQWV DQG KLJKOLJKW GLIIHUHQW
H[SORUDWLRQ SDWWHUQV FRQFHUQLQJ WKH PRYHPHQW RI ERWK
KDQGVDQGWKHFRYHULQJRIWKHGLDJUDPV7KH\VKRZHGWKDW
SHUIRUPDQFH ZDV VLJQLILFDQWO\ GLIIHUHQW DFFRUGLQJ WR WKH
GLDJUDPW\SHVDQGXVHUSURILOHV
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,WKDVEHHQVKRZQWKDWLWLVGLIILFXOWWRQDPHWDFWLOHSLFWXUHV
IRU QDLYH VXEMHFWV >@ ,W KDV DOVR EHHQ VKRZQ WKDW WDFWLOH
UHFRJQLWLRQ RI GUDZLQJV GHSHQGV RQ SUHYLRXV YLVXDO
H[SHULHQFH+RZHYHUVWXGLHVFRPSDULQJWDFWLOHUHFRJQLWLRQ
UDWH RI VLJKWHG HDUO\ DQG ODWH EOLQG SHRSOH VKRZHG WKDW
EOLQG SHRSOH FDQ HLWKHU SHUIRUP EHWWHU VHH HJ >@ RU
ZRUVH VHH HJ > @ WKDQ VLJKWHG SHRSOH ,Q IDFW LW
VHHPV WKDW WKHGLIILFXOW\RISLFWXUH UHFRJQLWLRQYDULHVZLWK
FRPSOH[LW\IDPLOLDULW\DQGFDWHJRULFDOLQIRUPDWLRQ>@
7KH SURFHGXUHV XVHG WR H[SORUH UHDO ' REMHFWV KDYH DQ
LPSDFW RQ WKH W\SH DQG TXDOLW\ RI LQIRUPDWLRQ DYDLODEOH
>@DQGDIIHFWWKHSHUIRUPDQFHDWKDSWLFUHFRJQLWLRQWDVNV
+HQFH H[SORUDWLRQ SURFHGXUHV EXW DOVR WKH PRUH JHQHUDO
VWUDWHJLHVFRPELQLQJWKHVHSURFHGXUHVSUREDEO\GHSHQGRQ
WKHLQWHQGHGJRDORIWKHWDVN)RULQVWDQFHRQHPLJKWZDQW
WR OHDUQ TXLFNO\ DV PXFK DV SRVVLEOH DERXW DQ REMHFW RU
DOWHUQDWLYHO\ WHVW VRPHK\SRWKHVLV DERXW WKDWREMHFW7KHVH
JHQHUDOSULQFLSOHVSUREDEO\DSSO\ WR WKH WDFWLOHH[SORUDWLRQ
RI ' UDLVHGOLQH GLDJUDPV WRR 5HFHQW VWXGLHV GHSLFWHG
VSHFLILFKDQGPRYHPHQWVGXULQJ WKHH[SORUDWLRQRI UDLVHG
OLQHV GLDJUDPV ZLWK EOLQGIROGHG SDUWLFLSDQWV >@ 7KH\
VKRZHG WKDW PRVW RI WKH WLPH VXEMHFWV XVHG WKHLU LQGH[
ILQJHUVHLWKHUDORQHRULQFRPELQDWLRQZLWKRWKHUILQJHUV
$OWKRXJK VXEMHFWV ZHUH XVXDOO\ XQDZDUH RI KRZ WKH\
PRYHGWKHLUKDQGVWKHPRYHPHQWVZHUHERWKSXUSRVLYHDQG
V\VWHPDWLF >@ $QRWKHU VWXG\ VKRZHG WKDW ERWK KDQGV
ZHUHXVHGPRUH WKDQRI WKH WLPHZKLFKVLJQLILFDQWO\
LQFUHDVHGLGHQWLILFDWLRQRIUDLVHGOLQHGUDZLQJV>@,QIDFW
WKHVH SDWWHUQV RI KDQG PRYHPHQW KDYH EHHQ FDOOHG
H[SORUDWRU\ SURFHGXUHV >@ 7KH\ LQFOXGH ODWHUDO PRWLRQ
PRYLQJ WKH ILQJHUV EDFN DQG IRUWK DFURVV D WH[WXUH RU
IHDWXUH FRQWRXU IROORZLQJ WUDFLQJ DQ HGJH ZLWKLQ WKH
LPDJH DQGZKROHKDQG H[SORUDWLRQ RI JOREDO VKDSH >@
+RZHYHU WKHVH GLIIHUHQW VWXGLHV GLG QRW V\VWHPDWLFDOO\
GHSLFW H[SORUDWRU\ SURFHGXUHV DFFRUGLQJ WR WKH GUDZLQJ
EHLQJH[SORUHGRUWKHWDVNEHLQJSHUIRUPHG>@
7DFWLOH H[SORUDWLRQ RI D GLJLWDO GUDZLQJ RQ D WRXFKVFUHHQ
GLVSOD\ LV HYHQ PRUH GLIILFXOW >@ *XHUUHLUR HW DO >@
IRFXVHG RQ WKH REVHUYDWLRQ RI ELPDQXDO H[SORUDWLRQ RQH
ILQJHU RI HDFK KDQG RQ ODUJH WRXFKVFUHHQV GXULQJ IRXU
VSHFLILF WDVNV ORFDWH UHORFDWH FRXQW UHODWH 7KH\
LGHQWLILHG VHYHQ IHDWXUHV DQG IRXU VWUDWHJLHV WKDW DSSHDUHG
ZKHQ YLVXDOO\ LPSDLUHG VXEMHFWV ZHUH H[SORULQJ GUDZLQJV
WKDW UHVHPEOH JHRJUDSKLFDO PDSV ZLWK D IHZ ODQGPDUNV
RQO\ 7KLV ZRUN FOHDUO\ VKRZHG WKDW VSHFLILF VWUDWHJLHV
DSSHDU LQ UHODWLRQ WR WKH WDVNV EHLQJSHUIRUPHG+RZHYHU
WKHVWXG\UHOLHGRQRQHPDSOLNHGLDJUDPRQO\DQGGLGQRW
FRQVLGHURWKHUW\SHVRIGLDJUDPVHJFRPPRQGUDZLQJRU
PDWKHPDWLFDOJUDSK
,QWKHFXUUHQWVWXG\ZHXVHGDVHWXSPDGHRIDWRXFKVFUHHQ
DQGDFDPHUDZKLFKDOORZHGIRUDFFXUDWHWUDFNLQJRIKDQGV
DQGILQJHUVPRYHPHQWV2XUPHWKRGH[WHQGVSUHYLRXVZRUN
>@ EDVHG RQ D GHSWKFDPHUD WKDW FRXOG QRW DFFXUDWHO\
VHSDUDWH WKH ILQJHUV IURP WKH VXUIDFH GXULQJ WDFWLOH
H[SORUDWLRQ 2XU VHWXS OHYHUDJHV TXDQWLI\LQJ WKH KDQG
PRYHPHQWV LQYROYHG GXULQJ WKH WDFWLOH H[SORUDWLRQ RI
GLIIHUHQWW\SHVRIUDLVHGOLQHGLDJUDPV
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7KH JRDO RI RXU VWXG\ZDV WR XQGHUVWDQG WKH UROH RI HDFK
KDQG GXULQJ WKH WDFWLOH H[SORUDWLRQ RI GLIIHUHQW W\SHV RI
GLDJUDPV GUDZLQJV JUDSKV RU PDSV E\ XVHUV ZLWK
GLIIHUHQW H[SHUWLVH VLJKWHG EOLQGIROGHG RU YLVXDOO\
LPSDLUHG
5DLVHGOLQHGLDJUDPV
,Q SV\FKRORJ\ UHVHDUFK PRVW RI WKH VWXGLHV FRQFHUQLQJ
WDFWLOHH[SORUDWLRQUHOLHGRQFRPPRQGUDZLQJV>@
%XW FRPPRQGUDZLQJV DUHQRW WKHPRVW XVHGGLDJUDPVE\
9, SHRSOH ,QGHHG LQ VSHFLDOL]HG VFKRROV VWXGHQWV KDYH
JHRJUDSK\ PDWK DQG ORFRPRWLRQ OHVVRQV ZKLFK UHO\ RQ
UDLVHGOLQH FKDUWV DQG PDSV +HQFH ZH VHOHFWHG ILYH
GLIIHUHQW W\SHV RI GLDJUDPV )LJXUH  $OO WKH GLDJUDPV
ZHUH PDGH ZLWK WKH DVVLVWDQFH RI D SURIHVVLRQDO WDFWLOH
GRFXPHQWPDNHU:HDOVRSHUIRUPHGVHYHUDOLWHUDWLRQVZLWK
9, XVHUV WR UHILQH KHLJKW DQGZLGWK RI WKH UDLVHG OLQHV DV
ZHOO DV WKH OHJLELOLW\ RI %UDLOOH WH[W :H GHVLJQHG WKUHH
GLDJUDPV RI HDFK W\SH H[FHSW IRU WKH &RPPRQ'UDZLQJV
ZH XVHG  RI WKHP VHH WDVN EHORZ $OO WKH GLDJUDPV
ZHUHSULQWHGLQ$ODQGVFDSHIRUPDWRQ=\WHFKVZHOOSDSHU

)LJXUH'LDJUDPVXVHGOHIWDQGH[SHULPHQWDOVHWXSULJKW
DUDLVHGOLQHGUDZLQJLVSODFHGRYHUWKHWRXFKVFUHHQ$FDPHUD
ORFDWHGDERYHWKHGUDZLQJWUDFNVILQJHUVPRYHPHQWV
Common Drawings (C-Drawings) and Perspective 
Drawings (P-Drawings) WKH\ ZHUH LVVXHG IURP WKH
6QRGJUDVVDQG9DQGHUZDUWVHWRI LPDJHV>@6HOHFWHG&
'UDZLQJVZHUHVFLVVRUVHQYHORSHVRFNRSHQHQGZUHQFK
SHQFLO XPEUHOOD WUXFN VQDLO WXUWOH UDEELW DQG SHDU 3
'UDZLQJV UHSUHVHQWHG D FRXFK FKXUFK WDEOH DQG
KHOLFRSWHU7KH\LQFOXGHGSHUVSHFWLYHFXHV 
Mathematical graphs (Graphs):HXVHGJUDSKVIUHTXHQWO\
XVHGLQVSHFLDOL]HGVFKRROVLHKLVWRJUDPVDQGSORWV
Neighborhood maps (N-Maps) 'HOLPLWHG ]RQH RI D FLW\
:HDGGHGWZRLWLQHUDU\SRLQWVVWDUWLQJDQGHQGLQJDVZHOO
DVVKRSVUHSUHVHQWHGE\DQHPSW\WULDQJOHDVROLGWULDQJOH
DQGILOOHGFLUFOHVUHVSHFWLYHO\
Geographical maps (G-Maps) 7ZR W\SHV RI PDSV ZHUH
LQFOXGHG UHSUHVHQWLQJ D FRXQWU\ ZLWK HLWKHU D IHZ PDLQ
FLWLHV RU WKH UHJLRQV ZLWKLQ WKH FRXQWU\ 7KH FLWLHV ZHUH
UHSUHVHQWHGE\VROLGSRLQWVZLWKWKHILUVWWZROHWWHUVZULWWHQ
LQ %UDLOOH %RUGHUV EHWZHHQ UHJLRQV ZHUH UHSUHVHQWHG E\
GRWWHGOLQHV$IHZUHJLRQVLQFOXGHGDGLIIHUHQWWH[WXUHWKDW
HPSKDVL]HG D VSHFLILF HOHPHQW 6HDV DQG RFHDQV ZHUH
UHSUHVHQWHGZLWKDVSHFLILFWH[WXUH
7DVNVDQGLQVWUXFWLRQV
'XULQJWKHVWXG\HDFKSDUWLFLSDQWH[SORUHGGLDJUDPV
&RPPRQ'UDZLQJVDQGGUDZLQJVRIWKHIRXURWKHUW\SHV
7KHVWXG\ZDVGLYLGHGLQWZRVWHSV7KHILUVWVWHSFRQVLVWHG
LQLGHQWLI\LQJ&'UDZLQJVDVIDVWDVSRVVLEOHPD[WLPH
DOORZHG V 7KH GUDZLQJ FDWHJRU\ ZDV PHQWLRQHG
EHIRUHKDQG HJ REMHFW RU DQLPDO:HPHDVXUHG WKH WLPH
QHHGHGWRLGHQWLI\WKHGUDZLQJ7KHJRDOZDVWRDVVHVVWKH
H[SHUWLVH OHYHO RI HDFK SDUWLFLSDQW LQ WHUPV RI UDLVHGOLQH
GLDJUDP H[SORUDWLRQ 7KH VHFRQG VWHS FRQVLVWHG LQ WKH
H[SORUDWLRQRIWKHIRXURWKHUW\SHVRIGLDJUDPVE\EORFNVRI
WULDOVWRWDORIWULDOV)LUVWWKHSDUWLFLSDQWVH[SORUHGD
GLDJUDPIRUVfree exploration7KHQ WKH\KDGDQRWKHU
V WR H[SORUH WKH VDPH GLDJUDP LQ RUGHU WR DQVZHU D
TXHVWLRQ driven exploration 7KH TXHVWLRQV YDULHG
DFFRUGLQJWRWKHW\SHRIGLDJUDPIRU3'UDZLQJVWKH\KDG
WR LGHQWLI\ WKH REMHFW DPRQJ  FKRLFHV )RU *UDSKV WKH\
KDGWRILQGVSHFLILFPLQDQGPD[YDOXHV)RU10DSVWKH\
KDG WR ILQG WKH QXPEHU RI VWRUHV EHWZHHQ WKH VWDUWLQJ DQG
HQGLQJSRLQWV)RU*0DSV WKH\KDG WR FRPSDUHGLIIHUHQW
UHJLRQV1R LQVWUXFWLRQVZHUH JLYHQ FRQFHUQLQJ WKH XVH RI
RQHRUWZRKDQGV
3DUWLFLSDQWV
:HUHFUXLWHGWZRJURXSVRISDUWLFLSDQWVVLJKWHGVXEMHFWV
ZKR ZHUH EOLQGIROGHG %)  IHPDOHV DQG  YLVXDOO\
LPSDLUHGVXEMHFWV9,IHPDOHV7KHVHWZRJURXSVVKRXOG
VKRZ FRQWUDVWHG UHVXOWV EHFDXVH %)V DUH QRQH[SHUWV RI
WDFWLOH H[SORUDWLRQ EXW FDQ UHO\ RQ SUHYLRXV YLVXDO
NQRZOHGJHWRLGHQWLI\GUDZLQJV,QFRQWUDVW9,VDUHH[SHUWV
RI WDFWLOH H[SORUDWLRQ EXW ZLWK YHU\ IHZ LI DQ\ SUHYLRXV
YLVXDO NQRZOHGJH %)V ZHUH  XQLYHUVLW\ VWXGHQWV DQG 
VWDII PHPEHUV DJHG  RQ DYHUDJH 6'  9,V ZHUH 
WHDFKHUVDQGUDGLRSURJUDPSUHVHQWHUDJHGRQDYHUDJH
6' $PRQJWKHPZHUHHDUO\EOLQGDQGKDGYHU\
OLPLWHG UHVLGXDO YLVLRQ OLJKW SHUFHSWLRQ 6KH ZDV
EOLQGIROGHGGXULQJWKHVWXG\
%HIRUHWKHH[SHULPHQWZHFRQGXFWHGDQLQWHUYLHZWRDVVHVV
SURILFLHQF\ LQ EUDLOOH UHDGLQJ DQG UDLVHGOLQH GLDJUDPV
H[SORUDWLRQRQDSRLQWV/LNHUWVFDOH$OO9,SDUWLFLSDQWV
UDWHG WKHLU H[SHUWLVH EHWZHHQ  DQG  0  IRU %UDLOOH
UHDGLQJDQGEHWZHHQDQG0 IRUWDFWLOHH[SORUDWLRQ
7KH\DOOXVHGWKHLU OHIWKDQGDV WKHPDLQUHDGLQJKDQGEXW
GLIIHUHQWO\ UHDGZLWK OHIWKDQGRQO\ZLWKERWKKDQGV
7KH  9, WHDFKHUV H[SORUH UDLVHGOLQH GLDJUDPV VHYHUDO
WLPHV SHUZHHN%)V KDG QR SULRU H[SHULHQFHZLWK UDLVHG
OLQHVGLDJUDPV
'HVLJQDQGSURFHGXUH
2XU VWXG\ IROORZHG DZLWKLQSDUWLFLSDQWV GHVLJQZLWK RQH
IDFWRU'LDJUDPW\SH&'UDZLQJV3'UDZLQJV*UDSKV1
0DSVDQG*0DSV7KHRUGHURIWKHODVWEORFNVEORFN
IRU HDFK GLDJUDP W\SH ZDV FRXQWHUEDODQFHG DFURVV
SDUWLFLSDQWV:LWKLQHDFKEORFNWKHRUGHURIWKHWULDOVZDV
UDQGRP8VHUVZHUHIUHHWRWDNHDEUHDNEHWZHHQEORFNV
([SHULPHQWDOVHWXS
7KH VXEMHFWZDV FRPIRUWDEO\ VLWWLQJ LQ IURQW RI WKH WDFWLOH
GUDZLQJSODFHGRYHUDLQFK[S[PXOWLWRXFK
VFUHHQ )LJ  :H XVHG D /RJLWHFK & ZHEFDP
[ S[ ORFDWHG DERYH WKH WRXFK VFUHHQ LQ RUGHU WR
WUDFNWKHWHQILQJHUVDFFRUGLQJWRFRORUHGPDUNHUVSODFHGRQ
HDFKQDLO)LJ7KHDFTXLVLWLRQUDWHVZHUH+]IRUWKH
FDPHUDDQG+]IRUWKHWRXFKVFUHHQ
&ROOHFWHGGDWD
:HFROOHFWHG WKH FRRUGLQDWHV RI WKH  ILQJHUV DVZHOO DV
WKH WRXFK VWDWXV :H DOVR PHDVXUHG WKH H[SORUDWLRQ WLPH
QHHGHGWRDQVZHUWKHTXHVWLRQV,QDGGLWLRQVXEMHFWVKDGWR
UDWH WKHGLIILFXOW\ IRU HDFK W\SHRIGLDJUDP$W WKH HQGRI
WKH VHVVLRQ ZH DVNHG WKHP ZKHWKHU WKH\ ZHUH DZDUH RI
XVLQJ DQ\ VSHFLILF H[SORUDWLRQ VWUDWHJ\:H DOVR FROOHFWHG
WKHLU VXEMHFWLYH IHHOLQJ DERXW WKH QXPEHU RI KDQGV DQG
ILQJHUVWKH\XVHGDQGZK\IRU
5(68/76
:H FRPSXWHG D 8QLYDULDWH $129$ ZLWK D %RQIHUURQL
3DLUZLVHSRVWKRFWHVWWRFRPSDUHWKHUHVXOWV
([SORUDWLRQWLPHVDQGDFFXUDF\
:HIRXQGPDLQHIIHFWVRIGLDJUDPW\SH) S
DQG XVHU JURXS )  S  RQ H[SORUDWLRQ WLPHV
7KH DYHUDJHG H[SORUDWLRQ WLPHV ZHUH V IRU %)
SDUWLFLSDQWV DQG V IRU 9, SDUWLFLSDQWV 3RVWKRF
FRPSDULVRQ UHYHDOHG D VLJQLILFDQW GLIIHUHQFH S
EHWZHHQ&'UDZLQJV0 VDQG3'UDZLQJV0 
VH[SORUDWLRQWLPHV
&RQFHUQLQJ DFFXUDF\ ZH IRXQG DPDLQ HIIHFW RI GLDJUDP
W\SH) SDQGDQLQWHUDFWLRQEHWZHHQGLDJUDP
W\SH DQG XVHU JURXS )  S  3RVWKRF
FRPSDULVRQ VKRZHG D VLJQLILFDQW GLIIHUHQFH EHWZHHQ &
'UDZLQJV DQG 10DSV S  DQG &'UDZLQJV DQG 3
'UDZLQJVS7KHDFFXUDF\SHUGLDJUDPW\SHZDV%)
YV9,SDUWLFLSDQWV&'UDZLQJVYV*0DSV
YV *UDSKV  YV 10DSV YV
DQG3'UDZLQJVYV
'LDJUDPFRYHULQJ
:HPHDVXUHGWKHFRYHULQJIRUHDFKW\SHRIGLDJUDPLHWKH
SHUFHQWDJHRIGLDJUDPWKDWZDVH[SORUHG:HIRXQGDPDLQ
HIIHFWRIGLDJUDP W\SH ) S   DQGXVHUJURXS
)  S  RQ FRYHULQJ 3RVWKRF FRPSDULVRQ
VKRZHG D VLJQLILFDQW GLIIHUHQFH EHWZHHQ &'UDZLQJV RQ
RQH VLGH DQG 10DSV S  *0DSV S  DQG
*UDSKV S  RQ WKH RWKHU VLGH 7KH DYHUDJHG GLDJUDP
FRYHULQJZDVIRU%)DQGIRU9,SDUWLFLSDQWV
7KH FRYHULQJ SHU GLDJUDP W\SH %) YV 9, SDUWLFLSDQWV
ZHUH &'UDZLQJV  YV  *0DSV  YV
 *UDSKV  YV  10DSV  YV
DQG3'UDZLQJVYV
([SORUDWLRQGLVWDQFHSHUGLDJUDPDQGSHUKDQG
:HPHDVXUHG WKH WRWDO H[SORUDWLRQ GLVWDQFH IRU HDFK KDQG
DQGGLDJUDP )LJ/HIW:H IRXQGDQHIIHFWRI WKHXVHU
JURXS RQ WKH GLVWDQFH FRYHUHG E\ WKH ULJKW ) 
S DQG OHIW KDQGV )  S )RU %)
SDUWLFLSDQWVWKHH[SORUDWLRQGLVWDQFHVZHUHDQGFP
IRUWKHOHIWDQGULJKWKDQGUHVSHFWLYHO\)RU9,SDUWLFLSDQWV
WKHH[SORUDWLRQGLVWDQFHVZHUHDQGFPIRUWKHOHIW
DQGULJKWKDQGUHVSHFWLYHO\

)LJXUH/HIW0HDQH[SORUDWLRQGLVWDQFHIRUWKHULJKWKDQG
5LJKW 7LPH ZKHQ ERWK KDQGV PRYHG VLPXOWDQHRXVO\
ELPDQXDOH[SORUDWLRQ
%LPDQXDOH[SORUDWLRQ
)RU HDFK WULDO ZH DOVR FRPSXWHG WKH WLPH GXULQJ ZKLFK
ERWK KDQGV ZHUH PRYLQJ VLPXOWDQHRXVO\ ELPDQXDO
H[SORUDWLRQWLPHVHH)LJ:HIRXQGDQHIIHFWRIGLDJUDP
W\SH )  S  DQG XVHU JURXS ) 
S7KHELPDQXDOH[SORUDWLRQWLPHVZHUHV
DQGVIRU%)DQG9,SDUWLFLSDQWVUHVSHFWLYHO\
',6&866,21
7KHVHUHVXOWVVKRZHG WKDW9,VXEMHFWVZHUH IDVWHU WKDQ%)
VXEMHFWVZKHQFRQVLGHULQJDOO WKHGLDJUDP W\SHV7KH\DUH
VLPLODU WR WKH UHVXOWV IURP >@ DQG SUREDEO\ UHIOHFW WKH
JUHDWHUH[SHUWLVHRI9,VXEMHFWV+RZHYHUDQRWKHUUHVXOWLV
VWULNLQJ $OWKRXJK %) DQG 9, VXEMHFWV UHDFKHG WKH VDPH
RYHUDOOLGHQWLILFDWLRQSHUIRUPDQFHWKHSHUFHQWDJHRI
FRUUHFW UHVSRQVHV ZDV VLJQLILFDQWO\ GLIIHUHQW DFFRUGLQJ WR
WKHW\SHRIGUDZLQJ)RULQVWDQFH9,VXEMHFWVUHDFKHG
RIFRUUHFW UHVSRQVHVRQ10DSVZKHUHDV%)VXEMHFWVRQO\
UHDFKHGFRUUHFWQHVV,QIDFW9,VXEMHFWVZHUHEHWWHUDW
H[SORULQJ *0DSV DQG 10DSV 2Q WKH FRQWUDU\ %)
VXEMHFWV ZHUH EHWWHU DW LGHQWLI\LQJ &'UDZLQJV DQG 3
'UDZLQJV 7KLV UHVXOW FRQILUPV WKDW H[SORUDWLRQ RI WDFWLOH
GUDZLQJGHSHQGVRQFRPSOH[LW\IDPLOLDULW\DQGFDWHJRULFDO
LQIRUPDWLRQ >@EXWDOVRVKRZV WKDW UHFRJQLWLRQGHSHQGV
RQ WKH W\SH RI GUDZLQJ EHLQJ H[SORUHG DV ZHOO DV WKH
H[SHUWLVH RI WKH XVHU ,W LV SUREDEOH WKDW 9, DGXOWV PRUH
IUHTXHQWO\ H[SORUH PDSV DQG PDWKHPDWLFDO GLDJUDPV WKDQ
GUDZLQJV RI REMHFWV ,Q DGGLWLRQ GUDZLQJV UHO\ RQ YLVXDO
FRQYHQWLRQV RFFOXVLRQV DQG SHUVSHFWLYHV WKDW DUH OHVV
VLJQLILFDQWWR9,SHRSOH>@
2XU UHVXOWV DOVRKLJKOLJKWHG WKDW9,SDUWLFLSDQWV FRYHUHG D
VPDOOHUH[SORUDWLRQGLVWDQFH WKDQ%)IRUDOOGLDJUDPW\SHV
YVDOWKRXJKWKH\JRWHTXLYDOHQWVXFFHVVUDWHV
:HREVHUYHGWKDW9,VXEMHFWVIRFXVHGRQVDOLHQWDUHDVRIWKH
GLDJUDPV VXFK DV WKH HDUV RQ WKH 5DEELW GUDZLQJ WR
LGHQWLI\ WKH GLDJUDP W\SH ZKLFK PDGH WKHLU H[SORUDWLRQ
PRUH HIILFLHQW 2YHUDOO 'UDZLQJV UHTXLUHG D PRUH
H[WHQVLYHH[SORUDWLRQWKDQ0DSVDQG*UDSKV
([SORUDWLRQ GLVWDQFH SHU KDQG KLJKOLJKWHG WKDW9, DQG%/
VXEMHFWVKDGRSSRVLWHKDQGEHKDYLRUV9,PDLQO\XVHG OHIW
KDQG  FP SHU WULDO ZKLFK LV WKHLU EUDLOOH UHDGLQJ
GRPLQDQW KDQGZKLOH%/ VXEMHFWV XVHGPRVWO\ ULJKW KDQG
 FP ,QWHUHVWLQJO\ 9, VXEMHFWV FRYHUHG D OLPLWHG
GLVWDQFHZLWKULJKWKDQGFPSHUWULDODQG%)VXEMHFWV
VSHQW PRUH WLPH SHUIRUPLQJ ELPDQXDO H[SORUDWLRQ 7KLV
REVHUYDWLRQSUREDEO\UHIOHFWVWKDW9,VXEMHFWVDSSURSULDWHO\
XVH WKH VHFRQGKDQGDVDQDQFKRU WKDWKHOSV WRXQGHUVWDQG
WKHGUDZLQJZKLFKLVDYDOXDEOHH[SORUDWRU\SURFHGXUH
'(6,*1,1*,17(5$&7,9($&&(66,%/('5$:,1*6
2XU UHVXOWV FRQILUP WKDW 9, SHRSOH DUH DEOH WR H[SORUH
WDFWLOH GLVSOD\V HIIHFWLYHO\ EXW GHSHQGLQJ RQ WKHLU RZQ
H[SHUWLVHRU WKH W\SHRIGLDJUDPEHLQJH[SORUHG WKH\PD\
EHQHILW IURP LQVWUXFWLRQV RU JXLGDQFH $FFRUGLQJ WR WKH
IRUPDW$RIWKHGLDJUDPVXVHGLQWKHFXUUHQWVWXG\WKLV
SUHOLPLQDU\ZRUNFDQSURYLGHJHQHUDOGHVLJQJXLGHOLQHVIRU
WDFWLOHGLVSOD\VODUJHUWKDQVPDUWSKRQHRUWDEOHWVFUHHQV
Touch robustness: %HFDXVH SDUWLFLSDQWV ODLG WKHLU KDQG RQ
WKH VXUIDFH ZH IUHTXHQWO\ REVHUYHG PRUH WKDQ WHQ
VLPXOWDQHRXV WRXFK HYHQWV  IRU %) DQG  IRU 9,
FRUUHVSRQGLQJ WR DGGLWLRQDO FRQWDFWVZLWK WKH SDOP 7KHQ
DOWKRXJK WRXFK LQWHUIDFHV VKRXOG HQDEOH PRUH WKDQ WZR
ILQJHUV IRU WDFWLOH H[SORUDWLRQ WKH\ PXVW SUHYHQW
XQH[SHFWHG WRXFKHYHQWV IRU LQVWDQFHE\FRPELQLQJ WRXFK
DQGFDPHUDWUDFNLQJ
Content Simplification:$VXEVWDQWLDODPRXQWRIWKHUDLVHG
OLQHVDUHQRWXVHG IRUFRPSOHWLQJ WKHGLIIHUHQW WDVNV7KHQ
WDFWLOH GUDZLQJV FRXOG EH IXUWKHU VLPSOLILHG EXW LQ DZD\
WKDWLVVSHFLILFWRHDFKW\SHRIGUDZLQJ
Multimodal Information Sharing: &RPPRQ GUDZLQJV
UHTXLUH WKRURXJK H[SORUDWLRQ IRU LGHQWLILFDWLRQ 7KHQ
LQWHUIDFHVPD\SURYLGHERWKFRQWH[WXDODQG ORFDO IHHGEDFN
HJ³UDEELW´DQG³HDUV´10DSVUDLVHGH[SORUDWLRQLVVXHV
UHODWHG WR ORFDWLQJ VSHFLILF SRLQWV 7KHQ LQWHUIDFHV PD\
SURYLGH KDQG JXLGDQFH FXHV HJ YLEURWDFWLOH FXHV ,Q
JHQHUDO DGGLWLRQDO FXHV HJ VRXQG RU YLEUDWRU\ SDWWHUQ
PD\ KLJKOLJKW VDOLHQW UHJLRQV RI WKH GLDJUDPV WR IDFLOLWDWH
H[SORUDWLRQ
Interaction Menus:9, VXEMHFWVPDLQO\ XVH WKHLU GRPLQDQW
KDQG IRU H[SORUDWLRQ 7KH QRQGRPLQDQW KDQG RIWHQ VWD\V
VWHDG\ DV DQ DQFKRU +HQFH YDOLGDWLRQ RU VHOHFWLRQ
FRPPDQGV FRXOG EH DVVLJQHG WR WKH QRQGRPLQDQW KDQG
7KHVHFRPPDQGVVKRXOGEHFRQWH[WXDO
&21&/86,21$1')8785(:25.
7KLV SUHOLPLQDU\ VWXG\ DV ZHOO DV WKH JHQHUDO GHVLJQ
JXLGHOLQHVWKDWZHSURYLGHVKRXOGEHH[WHQGHG7KHPHWKRG
FDQ EH XVHG LQ WKH ILHOG RI H[SHULPHQWDO SV\FKRORJ\ WR
EHWWHU XQGHUVWDQG WKH UROH RI HDFK ILQJHU GXULQJ WDFWLOH
H[SORUDWLRQ 7KH PHWKRG FDQ DOVR EH XVHG WR DGGUHVV
VSHFLILF GHVLJQ TXHVWLRQV DFFRUGLQJ WR WKH W\SHV RI
GLDJUDPVWDVNVDQGWDUJHWHGXVHUV
$&.12:/('*0(176
:H WKDQN DOO WKH SDUWLFLSDQWV ³&KHUFKRQV SRXU9RLU´ ODE
DQG /HVWUDGH VSHFLDOL]HG LQVWLWXWH 7RXORXVH )5 7KLV
ZRUNZDVJUDQWHGE\$FFHVVL0DS$15&(
 
5()(5(1&(6
 '¶$QJLXOOL$.HQQHG\-0	+HOOHU0$
%OLQGFKLOGUHQUHFRJQL]LQJWDFWLOHSLFWXUHVUHVSRQGOLNH
VLJKWHGFKLOGUHQJLYHQJXLGDQFHLQH[SORUDWLRQ
Scand.J.Psychol39±
 6DQGUD%DUGRW0DUFRV6HUUDQRDQG&KULVWRSKH
-RXIIUDLV)URPWDFWLOHWRYLUWXDOXVLQJD
VPDUWZDWFKWRLPSURYHVSDWLDOPDSH[SORUDWLRQIRU
YLVXDOO\LPSDLUHGXVHUV,QProceedings of the 18th 
International Conference on Human-Computer 
Interaction with Mobile Devices and Services
0RELOH+&,
$&01HZ<RUN1<86$
'2,KWWSG[GRLRUJ
 $QNH%URFN6DPXHO/HED]%HUQDUG2ULROD'HOSKLQH
3LFDUG&KULVWRSKH-RXIIUDLVDQG3KLOLSSH7UXLOOHW
.LQ
WRXFKXQGHUVWDQGLQJKRZYLVXDOO\LPSDLUHG
SHRSOHH[SORUHWDFWLOHPDSV,QCHI '12 Extended 
Abstracts on Human Factors in Computing Systems
&+,($
$&01HZ<RUN1<86$
'2,
KWWSG[GRLRUJ
 -XOLH'XFDVVH0DUF-00DFp0DUFRV6HUUDQRDQG
&KULVWRSKH-RXIIUDLV7DQJLEOH5HHOV
&RQVWUXFWLRQDQG([SORUDWLRQRI7DQJLEOH0DSVE\
9LVXDOO\,PSDLUHG8VHUV,QProceedings of the 2016 
CHI Conference on Human Factors in Computing 
Systems&+,
$&01HZ<RUN1<86$
'2,
KWWSG[GRLRUJ
 1LFKRODV$*LXGLFH+DUL3UDVDWK3DODQL(ULF%UHQQHU
DQG.HYLQ0.UDPHU/HDUQLQJQRQYLVXDO
JUDSKLFDOLQIRUPDWLRQXVLQJDWRXFKEDVHGYLEURDXGLR
LQWHUIDFH,QProceedings of the 14th international 
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